The determination for the multicomponent residues of organophosphorus pesticides was performed by gas liquid chromatography (GLC) with a flame photometric detector. The GLC under the temperature-programmed operation on the column of 4% OV-101 could provide sufficient information for the screening and the isothermal analyses on the columns of 4% OV-101 and 10% QF-1 could determine individually 38 pesticides.
The use of organophosphorus pesticides has been grown up rapidly, because they are generally of low persistence for quick decomposition by bacteria and sun light in the environment and are not accumulated in animal and plant tissues. 2) GLC column materials: Obtained from Chromato Kogyo Ltd., Tokyo, Japan.
3) Gas liquid chromatograph:
Model 4BM-PF (Shimadzu Seisakusho Ltd., Kyoto, Japan) with a flame photometric detector. Several kinds of GLC packing were tested for the separation of the organophosphorus pesticides under some operating conditions. Relatively better results were obtained by the use of 4% OV-101, 10% QF-1 and 10% DC-200 among the columns examined.
All of them are silicone liquid phases and are currently used by many laboratories in the pesticide surveillance programs. Table 3 shows the relative retention times of the organophosphorus pesticides to parathion and the absolute retention times of parathion on 3 columns both under the temperatureprogrammed and the isothermal conditions. The orders of the elutions of the pesticides from the columns of OV-101 and DC-200 were almost similar and different from the column of QF-1, because the formers are nonpolar but the latter is moderately polar.
Although relative retention times of the organophosphorus pesticides were given for both the temperature-programmed and the isothermal analysis in Table 3 , the former is profitable as the first screening for several reasons described below. First, the temperature-programmed analysis can subject all of the pesticides to a single procedure, while the isothermal analysis have to be conducted at different temperatures to elute several pesticides of interest in a reasonable time. Next, in the isothermal analysis, it is quite difficult to calculate the relative retention times of those pesticides having too short or too long retention times such as dichlorvos, salithion, dimethoate, thiometon, cyanophos, dialifor, leptophos, phosalon, EPN and phosmet. Furthermore, by use of the temperatureprogrammed operations all of the organophosphorus pesticides give well-shaped peaks and consequently show more effective separation and higher sensitivity than the isothermal results.
The time period required for the analysis of several pesticides can be shortened in the temperature-programmed operation, which is also preferable for the first screening.
Thus the GLC under the temperature-programmed conditions is very suitable for the first screening and the qualitative estimation of those organophosphorus pesticides. And, subsequently, as shown in Table 3 , 38 kinds of the pesticides could be determined individually by the isothermal GLC with the combination of the columns of OV-101 and QF-1. Figure 1 shows typical chromatograms obtained with 3ng amounts of some organophosphorus pesticides in the temperature-programmed analysis.
The peak of each pesticide is very fine, even it is eluted lately from the columns. Table 4 lists the amounts of the pesticides needed to produce a response of approximately 30% full scale deflection (FSD) on the columns of OV-101 and QF-1 under the temperature-programmed conditions. The levels of the pesticides giving 30% FSD on the OV-101 were in the range of 0.2ng for dichiorvos to 10ng for edifenphos, and those on the QF-1 ranged from 1.2ng for thiometon to 70ng for phosmet. The former was generally more sensitive to the pesticides than the latter, therefore, the column of OV-101 is more profitable for the temperature-programmed screening mentioned above and the minimum detection limits of the organophosphorus pesticides on the column of OV-101 were smaller than those on the column of QF-1 as a matter of course. The response data on the column of DC-200 were not listed It may provide sufficient resolution to determine the retention times and the peak areas. The remarkable difference in GLC patterns of the pesticides were observed between these two columns similarly to the temperature-programmed
analysis. These results demonstrate that all of 38 pesticides listed in Table 1 could be detected individually by employment of both the columns of OV-101 and QF-1.
On the basis of the results obtained in this study, a method chosen for the determination of the multicomponent residues of the organophosphorus pesticides by the GLC was designed as described below. The qualitative study can be carried out in the first temperature-programmed analysis, and then the qualitative determination can be achieved in the second isothermal analysis.
Namely, a test solution is qualitatively examined by the application to the GLC operated under the temperatureprogrammed conditions shown in Table 2 preferably using the column of OV-101. If some peaks of the organophosphorus pesticides are detected on the GLC, the pesticides which are possible to exist in the solution are referred by the retention times relative to parathion. Next, the operating condition of the GLC suitable for the determination of the pesticides will be chosen due to 
